In a study of the changes in the sap concentration of Larrea tridentata reported by the writer (1), the leaf and twig tissues were killed by heating them in closed vessels in boiling water for a period of 30 minutes before the sap was extracted for the cryoscopic determinations. This is a new departure in cryoscopic studies in this country, where plant tissues have been killed by subjecting them to freezing temperatures. The heating method, however, has been used extensively by WALTER (3). The method is described in detail in the paper just cited (1) .
On theoretical grounds the heating method of rendering plant tissues permeable to the cell contents is open to criticism. Both enzymatic changes and other chemical reactions may be speeded up two to three times for every 100 C. rise in temperature; that is, the hydrolysis of sugars and other cell contents may occur which would change the osmotic concentration of the cell sap from its natural condition. In order to establish the practical importance of such changes in relation to a determination of the Ov of any particular species, comparative studies were made between the heating and freezing methods. The purpose of this paper is to report the results of these experiments.
In cooperation with Dr. MATLOCK and Mr. HOBART of the agronomy department of the University of Arizona, a comparative study was conducted using field cotton. This experiment also served the purpose of comparing results obtained by the use of a Beckmann thermometer with those found when a Drucker-Burian thermometer was employed. The material used for this experiment was cotton grown on experimental plots on the university farm near Tucson. Two sets of leaf samples were collected simultaneously from each of two plots. Each plot was divided roughly into four sections, each set of samples consisting of one sample from each section and each sample containing about twelve leaves picked at random from plants within a given section. One set of samples from each plot was collected by MATLOCK and HOBART, each collecting two samples, while the other two sets were collected by the writer. One set of samples from each plot was frozen in an ice-salt mixture and one set from each plot was heated in boiling water for 30 minutes. All of the osmotic value determinations for plot no. 7 were made by MATLOCK and HOBART, using a Beckmann thermometer, and they also made the determinations for the set of samples which they collected on plot no. 6. The osmotic values for the other set of samples from plot no. 6 were determined by the writer, using a Drucker-Burian thermometer. The results of this experiment are given in table I. It will be noted that for plot no. 7, all determinations for which were made with a Beckmann thermometer by the same operators, the heated material yielded a higher osmotic value in each case than did the frozen material. This fact would tend to support the theory that hydrolysis or enzymatic action took place in the heated material. However, the difference between the depressions of the freezing point found in the frozen material for sections 3 and 4 of plot no. 7 is 0.199°, which is equal to 2.399 atmospheres, and this could be taken as an indication that differences in the values are attributable to variations in the material and lack of uniformity in the sampling process. On the other hand, this is somewhat offset by the fact that the differences between sections 3 and 4 of plot no. 7 for the heated material are practically the same and are in the same order as those for the frozen tissue.
When the results for plot no. 6 are compared, greater differences and much less uniformity are apparent. This is somewhat to be expected, since the determinations were made by different operators using different type thermometers. However, in this case the values found for the heated material are not uniformly higher than those of the frozen material. Such varia-tions cannot be ascribed entirely to the method of killing, since changes brought about by raising the temperature of the tissues would, in the majority of plant tissues at least, increase the osmotic concentration of the sap. The difference between the highest and lowest values for the frozen material is a little over 0.70 C., while the highest and lowest values for the heated material show a difference of a little over 0.30 C. Again these facts would tend to show that differences between the values for the frozen and heated material are due to actual differences in the samples, and not to the method of killing or of determining the depressions of the freezing point. It would seem, therefore, that the results of this experiment are not against the use of the heating method of killing tissue for juice extraction in cryoscopic determinations, even with a succulent, rapidly growing plant like cotton, with large leaves in which the amount of hydrolyzable material is probably much greater than in the more slowly growing, non-succulent, small leaved Larrea.
WALTER (3) Further to test the reliability of the heating method, a comparison with the freezing method was made using leaves and small twigs of Larrea tridentata. For this experiment samples of leaves and twigs were collected from Larrea bushes near the main laboratory building. The first collection consisted of twelve samples from bush A, eight from bush B, and four each from bushes C, D, E, and F. The second collection, made 4 days later, included four samples each from the same bushes except bush D and from three additional bushes, G, H, and I. The samples were all taken from the bushes in rapid succession, and immediately the samples from each bush were divided into two lots. One of these was subjected to the heating method of killing, the other to the freezing method.
The freezing of the plant tissues was accomplished with solid carbon dioxide (dry ice), which gives a temperature of about -1800 C. The samples were in glass test tube-like vessels with cork stoppers which fit compactly, in aluminum canisters with screw tops. These canisters were completely buried in dry ice in a calorimeter tank, which in turn was lowered into a 5-gallon crock and completely covered with towels. The samples from the first collection were left in the freezing chamber 50 minutes, 30 minutes, and 12 hours, as indicated in table II, which also gives the osmotic values obtained for these samples.
In eleven of the eighteen comparisons shown in table II, the values for the heated plant materials were greater ( > ) than those found for the frozen tissues. In five instances the compared values were equal or nearly so, and the samples from bush E gave values for the heated materials which were less (<) than those for the frozen samples, although the differences were less than one atmosphere.
These results lend some support to the possibility that the heating process may produce significant changes in the concentration of the plant sap. In only three instances, however, was the difference between the values for the heated and frozen material greater than two atmospheres, and in but eight of the eighteen comparisons was the difference more than one atmosphere. While these differences are greater than desirable, they are partly attributable to chance pairing. For 22 had been paired with sample 21 the difference would have been only 1.73 atmospheres. It will be noticed also that some of the heated samples, 22 and 24 for example, exhibited as great differences as 2.09 atmospheres. The average of the first four values obtained for the heated material from bush A is 28.25 atmospheres and for the frozen material 26.76 atmospheres. The difference between these average values is but 1.49 atmospheres. The average value for the heated tissues from bush B is 30.77 atmospheres and for the frozen samples from B, 29.49 atmospheres, making a difference of only 1.25 atmospheres. Using the differences between the average osmotic values found for bushes A and B for comparison, instead of the paired sample differences, leaves only one case in the entire first collection in which the heated tissues yielded a value more than 1.50 atmospheres higher than that for the frozen material.
Previous investigations with Larrea have shown that a difference of as much as 0.5 atmospheres may be attributed to variations in the samples from the same bush. If this amount be subtracted from the comparative difference, only about 1 atmosphere increase in the osmotic value of the sap need be attributed to the heating process. 
